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ABSTRACT 
Many filamentous fungi are postharvest and destructive plant pathogens and are thus responsible for 
enormous crop losses worldwide. The antifungal proteins secreted by filamentous fungi are promising agents 
for prevention of fungal diseases in the agriculture. The extracellular β-defensin-like antifungal proteins 
derived from ascomycetous filamentous fungal species are especially interesting in this respect because of 
their chemical and biological properties. The main features of these extracellular proteins are a low molecular 
mass, a basic character, and the presence of 6-8 cysteine residues and several intramolecular disulfide bonds 
which provide them with a high stability against protease degradation, high temperature and within a broad 
pH range. The tertiary structure of these proteins is very similar to the β-defensins, it contains five 
antiparallel β-sheets connected by three loops. In spite of the fact that they are very different in their amino 
acid sequences; conserved homologous regions can be identified. Based on it they can be divided into two 
main groups: peptides which contain the Penicillium chrysogenum antifungal protein (PAF) cluster in their 
amino acid sequences, and peptides with Penicillium brevicompactum bubble protein (BP) cluster. Both of 
them have a potent antifungal activity, but the peptides with PAF-cluster are effective against filamentous 
fungi. These proteins secreted by taxonomical distinct species cause similar symptoms on the susceptible 
fungus, but they have different mode of action and species specificity, nevertheless, their structure is very 
similar. They have high stability and efficacy; their limited toxicity and low costs of production could make 
them suitable for use in practical respects in agricultural fields, especially in plant protection on the field and 
crop protection after the harvest. 
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INTRODUCTION 
 
Many filamentous fungi are postharvest and destructive plant pathogens and are thus 
responsible for enormous crop losses worldwide. Therefore there is a substantial demand 
for new compounds with antimicrobial activity. The proteins with similar structure like β-
defensins are interesting from this respect, as they have effective inhibitory potential as 
concerns both the bacteria and fungi. The β-defensins are part of the secondary defence 
system, innate immunity, which was discovered in the early 1980s in the higher organisms 
(GANZ, 2003). From the second half of the 1990s several peptides with highly similar 
structure to the β-defensins have been isolated and characterized from filamentous fungal 
species belonging to Ascomycetes (Figure 1.) (GALGÓCZY ET AL., 2013A). 
The main features of these extracellular proteins are a low molecular mass, a basic 
character, and the presence of 6-8 cysteine residues and several intramolecular disulfide 
bonds. The tertiary structure of the peptides is very similar to the β-defensins, it contains 
five antiparallel β-sheets connected by three loops, and showing a β-barrel topology in 
general (GALGÓCZY ET AL., 2010). 
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Figure 1. Isolated β-defensin-like antifungal proteins from filamentous fungi 
ABBREVIATIONS: ACLA, ASPERGILLUS CLAVATUS ANTIFUNGAL PROTEIN (ACC. NO.: ABR 10398); AFP, 
ASPERGILLUS GIGANTEUS ANTIFUNGAL PROTEIN (ACC. NO.: X60771); ANAFP, ASPERGILLUS NIGER 
ANTIFUNGAL PROTEIN (STRAIN KTC 2025); NFAP, NEOSARTORYA FISCHERI ANTIFUNGAL PROTEIN (ACC. NO.: 
CAQ42994); FPAP, FUSARIUM POLYPHIALIDICUM ANTIFUNGAL PROTEIN (ACC. NO.: CAR 79015); PAF, 
PENICILLIUM CHRYSOGENUM ANTIFUNGAL PROTEIN (ACC. NO.: AAA 92718); NAF, PENICILLIUM NALGIOVENSE 
ANTIFUNGAL PROTEIN (STRAIN BFE 66, 67, 474); BP, PENICILLIUM BREVICOMPACTUM BUBBLE PROTEIN (ACC. 
NO.: AEQ 36754) 
 
In spite of the fact that these proteins are different in their amino acid sequences; 
conserved homologous regions can be identified (Figure 1.). Based on this they can be 
divided into two main groups: peptides which contain the Penicillium chrysogenum 
antifungal protein (PAF) cluster in their amino acid sequences, and peptides with 
Penicillium brevicompactum bubble protein (BP) cluster (GALGÓCZY ET AL., 2013A). 
Representatives of the PAF group were isolated and characterized from taxonomical 
distinct species, such as Aspergillus clavatus, Aspergillus giganteus, Aspergillus niger, 
Fusarium polyphialidicum, Neosartorya fischeri, Penicillium chrysogenum, and 
Penicillium nalgiovense (GALGÓCZY ET AL., 2010, 2013A; KOVÁCS ET AL., 2011) (Figure 
1.). Only one peptide with BP-cluster was isolated until now from Penicillium 
brevicompactum (SEIBOLD ET AL., 2011) (Figure 1.). The isolated β-defensin-like 
antifungal proteins from ascomyceteous filamentous fungi are listed in the Table 1. 
 
Table 1. The isolated β-defensin-like antifungal protein from ascomyceteous 
filamentous fungi 
Protein Fungus 
Number of 
amino 
acids 
Molecular 
weight 
(kDa) 
Number 
of Cys 
Number 
of 
Lys/Arg 
Theoretical 
pI 
ACLA Aspergillus clavatus 51 5.8 8 11/1 9.06 
AFP Aspergillus giganteus 
51 5.8 8 12/1 9.27 
ANAFP Aspergillus niger 58 6.6 6 5/3 7.14 
BP Penicillium brevicompactum 64 6.6 8 4/4 7.70 
FPAP Fusarium polyphialidicum 55 6.4 6 12/1 9.10 
NAF Penicillium nalgiovense 
55 6.3 6 13/0 8.93 
NFAP Neosartorya fischeri 57 6.6 6 11/2 8.93 
PAF Penicillium chrysogenum 55 6.3 6 13/0 8.93 
Source: SKOURI-GARGOURI ET AL., 2008; WNENDT ET AL. 1994; LEE ET AL., 1999; SEIBOLD ET AL., 2011; 
GALGÓCZY ET AL., 2013A; GEISEN, 2000; KOVÁCS ET AL., 2011; MARX ET AL., 1995. 
 
Both groups have a potent antifungal activity, but the peptides with PAF-cluster are 
effective against filamentous fungi (GALGÓCZY ET AL., 2013A). The peptides with BP-
cluster can inhibit only the growth of yeasts (SEIBOLD ET AL., 2011). 
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Peptides containing PAF-cluster generate similar symptoms in the susceptible filamentous 
fungi: they inhibit the germination of spores and the growth of the hyphae, they cause 
retardation of the hyphae lengthening, membrane perturbation, they induce intracellular 
oxidative stress and an apoptosis-like phenotype (GALGÓCZY ET AL., 2010). In spite of the 
similar symptoms, their mode of action could be different. For example Aspergillus 
giganteus antifungal protein (AFP) disturbs the cell wall biosynthesis by specific inhibition 
of chitin synthases (MEYER, 2008), and PAF evokes programmed cell death via G-protein 
signal transduction pathway (MARX ET AL., 2008). The antifungal spectra of the peptides 
are also differing; nevertheless, their tertiary structure is very similar (GALGÓCZY ET AL., 
2010). 
The β-defensin-like antimicrobial peptides with PAF-cluster are interesting in practical 
respect both in medical and agricultural fields. Their features that they have potent 
antifungal activity against potential human and plant pathogenic fungal species, that they 
could not have any toxic effects on plant and mammalian cells in vitro, that they can 
interact synergistically with other antifungal drugs and peptides, that they have high 
stability protease degradation, high temperature and within a broad pH range, and their low 
costs of production could make them suitable as active ingredients of commercial 
biopesticides and medicines (GALGÓCZY ET AL., 2010). Their potential applications in the 
agriculture are intensively studied. 
 
 
IN VITRO SUSCEPTIBILITY OF PLANT AND POSTHARVEST PATHOGENIC 
FILAMENTOUS FUNGI TO β-DEFENSIN-LIKE ANTIFUNGAL PROTEINS 
WITH PAF-CLUSTER 
 
It was demonstrated previously that the β-defensin-like antifungal proteins secreted by 
filamentous fungi have different species specificity (MARX, 2004), and their antifungal 
effect show dose-dependent characteristic. They exhibit growth retardation as long as they 
are applied in sublethal concentrations; and they become fungicidal with increasing 
concentrations (MARX, 2004; KAISERER ET AL., 2003; THEIS ET AL., 2005). It was also 
demonstrated the relative high presence of mono- and divalent cations decreases their 
inhibitory potency (MARX, 2004; GALGÓCZY ET AL., 2013B). Antifungal effect of the 
proteins also depends on the applied culture medium. The highest inhibitions were 
recorded on minimal culture medium compared to complete media (GALGÓCZY ET AL., 
2010). It can be explained with the different demands for nutrients of fungi as well as with 
the presence of certain constituents in the media, which may interfere with the activity of 
PAF (MARX, 2004; KAISERER ET AL., 2003). 
The antifungal spectrum of β-defensin-like antifungal proteins containing PAF-cluster is 
different, but there is similarity among the sensitive species to them (MARX, 2004) (Table 
2.). They have strong inhibitory potency against plant and postharvest fungal pathogens 
(GALGÓCZY ET AL., 2010) (Table 2). 
 
 
POTENTIAL APPLICATION OF THE β-DEFENSIN-LIKE ANTIFUNGAL 
PROTEINS WITH PAF-CLUSTER IN THE AGRICULTURE 
 
As it is demonstrated in the Table 2, the β-defensin-like antifungal peptides secreted by 
filamentous ascomyceteous fungi inhibit the germination of spore and growth of 
agriculturally harmful fungal species (GALGÓCZY ET AL., 2010). Based on this observation 
they could be applicable in the agriculture in the following fields. 
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Table 2. The investigated susceptible fungal species to β-defensin-like antifungal 
proteins with PAF-cluster 
Antifungal protein Sensitive fungal species Reference 
Aspergillus clavatus 
antifungal protein (ACLA) 
Ascomycetes 
Alternaria solani; Aspergillus spp. (A. nidulans, 
A. niger); Botrytis cinerea; Fusarium oxysporum, 
F. solani 
SKOURI-GARGOURI 
ET AL., 2008 
Aspergillus giganteus 
antifungal protein (AFP) 
Oomycetes 
Phytophthora infestans 
Ascomycetes 
Alternaria alternata; Aspergillus spp. (A. flavus, 
A. nidulans, A. niger, A. terreus); Botrytis 
cinerea; Erysiphe graminis; Gliocladium roseum; 
Fusarium spp. (F. aquaeductum, F. bulbigenum, 
F. culmorum, F. equiseti, F. lactis, F. lini, F. 
moniliforme, F. oxysporum, F. poae, F. 
proliferatum, F. sambucinum, F. solani, F. 
sporotrichioides, F. vasinfectum); Magnaporthe 
grisea; Penicillium purpurogenum; Phytophtora 
infenstans; Trichoderma spp. (T. harzianum, T. 
koningii) 
GALGÓCZY ET AL., 
2010; BARAKAT ET. 
AL. 2010A; BINDER 
ET AL., 2011  
Aspergillus niger 
antifungal protein 
(ANAFP) 
Ascomycetes 
Aspergillus spp. (A. flavus, A. fumigatus); 
Fusarium spp. (F. oxysporum, F. solani) 
GALGÓCZY ET AL., 
2010 
Fusarium polyphialidicum 
antifungal protein (FPAP) 
Zygomycetes 
Gilbertella persicaria 
Ascomycetes 
Aspergillus spp. (A. nidulans, A. niger, A. 
terreus); Cladosporium herbarum; Trichoderma 
harzianum 
GALGÓCZY ET AL., 
2013A 
Neosartorya fischeri 
antifungal protein (NFAP) 
Ascomycetes 
Aspergillus spp. (A. flavus, A. nidulans, A. niger, 
A. tamarii, A. terreus, A. tubingenis); Fusarium 
solani 
KOVÁCS ET AL., 2011 
Penicillium chrysogenum 
antifungal protein (PAF) 
Zygomycetes 
Mucor piriformis 
Ascomycetes 
Aspergillus spp. (A. flavus, A. fumigatus, A. 
nidulans, A. niger, A. terreus); Blumeria graminis 
f. sp. hordei; Botrytis cinerea; Cladosporium 
herbarum; Cochliobolus carbonum; Fusarium 
oxysporum; Gliocladium roseum; Trichoderma 
harzianum 
Basidiomycetes 
Puccinia recondita f.sp. tritici 
GALGÓCZY ET AL., 
2010 
Penicillium nalgiovense 
antifungal protein (NAF) 
Ascomycetes 
Aspergillus flavus; Fusarium solani; Geotrichum 
candidum 
GALGÓCZY ET AL., 
2010 
 
Plant protection against fungal pathogens in the field 
AFP could be a potential biopesticide in the plant protection based on its specific inhibition 
of chitin synthase III and V. These enzymes play a crucial role in the pathogenicity of plant 
pathogenic fungi (MEYER, 2008). The direct application of AFP dissolved in water on rice 
and Pelargonium plant leaves protected them against Magnaporthe grisea and Botrytis 
cinerea infection even after two or six weeks of infection (VILA ET AL., 2001; MORENO ET 
AL., 2003). It was observed that AFP did not show toxicity toward rice protoplast under 
conditions of total inhibition (VILA ET AL., 2001). Similarly, the pre-incubation of tomato 
roots with AFP protected the plants against Fusarium oxysporum infection (THEIS ET AL., 
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2005). PAF mitigated the symptoms of barley powdery mildew and wheat leaf rust 
infections by the inhibition of the growths of two obligate biotrophic fungal pathogens, 
Blumeria graminis f. sp. hordei and Puccinia recondita f.sp. tritici (BARNA ET AL., 2008). 
Transgenic wheat, rice and pearl millet plants expressing the AFP have been successfully 
created. These plants showed less susceptibility to the potential fungal pathogens. 
Significant reduction of disease symptoms were observed for transgenic wheat, rice plants 
and pear millet infected by Erysiphe graminis, P. recondita, and M. grisea, and 
Sclerospora graminicola, Puccinia substriata, respectively (OLDACH ET AL., 2001; COCA 
AT AL., 2002, MORENO ET AL. 2005). The transgenic plants showed normal growth 
behaviour and morphology. They proved to be fertile and any detrimental effects on the 
host organisms were not observed in case of the above mentioned external and internal 
applications and expression of AFP (MEYER, 2008). 
 
Crop protection against postharvest fungal pathogens 
It was observed that secondary growth of different Fusarium species is inhibited by AFP 
on barley in post harvest conditions and as a consequence of it they detected a reduction in 
levels of the mycotoxin deoxynivalenol after the AFP treatment compared to the untreated 
control (BARAKAT ET AL., 2010B). Similarly, AFP also prevented the contamination of 
some fruits and vegetables by some possible postharvest filamentous fungal pathogens 
during storage (e.g. tomato and mango fruits against Alternaria alternata), and the AFP 
treatment reduced the mycotoxin levels of the crops (BARAKAT ET AL., 2010A). 
 
 
CONCLUSIONS 
 
Based on the above discussed studies several features of the β-defensin-like antifungal 
proteins secreted by ascomycetous filamentous fungi correspond to the requirement of the 
novel, safely applicable biopesticides in agriculture. All these characteristics are supported 
by the fact that several antimicrobial peptides and their synthetic analogues have been used 
in transgenic plants and their application as biopesticides have been intensively studied. 
The β-defensin-like antifungal proteins could be an excellent biological alternative to 
combat against plant and postharvest pathogenic filamentous fungi. 
 
 
ACKNOWLEDGEMENTS 
 
This work was supported by the Hungarian Scientific Research Fund (OTKA; grant 
reference number PD 83355). 
 
 
REFERENCES 
 
Barakat, H. Stahl, U. El-Mansy, H. (2010A): Use with selected foodstuffs as regards to 
quality and safety. In: Müller, V. (ed.) Application for the antifungal protein from 
Aspergillus giganteus. Muller Aktiengesellschaft & Co. 
Barakat, H. Spielvogel, A. Hassan, M. El-Desouky, A. El-Mansy, H. Rath, F. Meyer, V. 
Stahl, U. (2010B): The antifungal protein AFP from Aspergillus giganteus prevents 
secondary growth of different Fusarium species on barley. Applied Microbiololgy and 
Biotechnology. Volume 87. Number 2. pp.617-624. 
Barna, B. Leiter, É. Hegedűs, N. Bíró, T. Pócsi, I. (2008): Effect of the Penicillium 
 
Review on Agriculture and Rural Development 2013. vol. 2. (1) ISSN 2063-4803 222 
 
chrysogenum antifungal protein (PAF) on barley powdery mildew and wheat leaf rust 
pathogens. Journal of Basic Microbiology. Volume 48. Number 6. pp. 516-520. 
Binder, U. Bencina, M. Eigentler, A. Meyer, V. Marx, F. (2011): The Aspergillus 
giganteus antifungal protein AFPNN5353 activates the cell wall integrity pathway and 
perturbs calcium homeostasis. BMC Microbiology. Volume 11. Issue209. 
Coca, M. Bortolotti, C. Rufat, M. Penas, G. Eritja, R. Tharreau, D. del Pozo, AM. 
Messeguer, J. San Segudo, B. (2002): Transgenic rice plants expressing the antifungal AFP 
protein from Aspergillus giganteus show enhanced resistance to the rice blast fungus 
Magnaporthe grisea. Plant Molecular Biology. Volume 54. Number 2. pp. 245-259. 
Galgóczy, L. Kovács, L. Vágvölgyi, Cs. (2010): Defensin-like antifungal proteins secreted 
by filamentous fungi. In: Méndez-Vilas, A. (ed.) Current Research, Technology and 
Education Topics in Applied Microbiology and Microbial Biotechnology Vol. 1., 
Microbiology Book Series-Number 2. Badajoz. Formatex Research Center. pp. 550-559. 
Galgóczy, L. Virágh, M. Kovács, L. Tóth, B. Papp, T. Vágvölgyi, Cs. (2013A): Antifungal 
peptides homologous to the Penicillium chrysogenum antifungal protein (PAF) are 
widespread among Fusaria. Peptides, Volume 39. pp. 131-137. 
Galgóczy, L. Kovács, L. Karácsony, Z. Virágh, M. Hamari, Zs. Vágvölgyi, Cs. (2013B): 
Investigation of the antimicrobial effect of Neosartorya fischeri antifungal protein (NFAP) 
after heterologous expression in Aspergillus nidulans. Microbiology. Volume 159. Number 
2. pp. 411-419. 
Ganz, T. (2003): Defensins: Antimicrobial peptides of innate immunity. Nature Reviews 
Immunology, Volume 3. Number 9. pp. 710-720. 
Geisen, R. (2000): P. nalgiovense carries a gene which is homologous to the paf gene of P. 
chrysogenum which codes for an antifungal peptide. International Journal of Food 
Microbiology. Volume 62. Number 1-2. pp. 95-101. 
Kaiserer, L. Oberparleiter, C. Weiler-Görz, R. Burgstaller, W, Leiter, É, Marx, F. (2003): 
Characterization of the Penicillium chrysogenum antifungal protein PAF. Archieves of 
Microbiology. Volume 180. Number 3. pp. 204-210. 
Kovács, L. Virágh, M. Takó, M. Papp, T. Vágvölgyi, Cs. Galgóczy, L. (2011): Isolation 
and characterization of Neosartorya fischeri antifungal protein (NFAP). Peptides. Volume 
32. Number 8. pp. 1724-1731. 
Lee, GD. Shin, SY. Maeng, CY. Jin, ZZ. Kim, KL. Hahm, KS. (1999): Isolation and 
characterization of a novel antifungal peptide from Aspergillus niger. Biochemical and 
Biophysical Research Communications. Volume 263. Number 3. pp. 646-651. 
Marx, F. Haas, H. Reindl, M. Stoffler, G. Lottspeich, F, Redl, B. (1995): Cloning, 
structural organization and regulation of expression of the Penicillium chrysogenum paf 
gene encoding an abundantly secreted protein with antifungal activity. Gene. Volume 167. 
Number 1-2. pp. 167-171. 
Marx, F. (2004): Small, basic antifungal proteins secreted from filamentous ascomycetes: a 
comparative study regarding expression, structure, function and potential application. 
Applied Microbiology and Biotechnology. Volume 65. Number 2. pp. 133-142. 
Marx, F. Binder, U. Leiter, É. Pócsi, I. (2008): The Penicillium chrysogenum antifungal 
protein PAF, a promising tool for the development of new antifungal therapies and fungal 
cell biology studies. Cellular and Molecular Life Sciences. Volume 65. Number 3. pp. 445-
454. 
Meyer, V. (2008): A small protein that fights fungi: AFP as a new promising antifungal 
agent of biotechnological value. Applied Microbiology and Biotechnology. Volume 78. 
Number 1. pp. 17-28. 
Moreno, AB. del Pozo, ÁM. Borja, M. San Segudo, B. (2003): Activity of the antifungal 
protein from Aspergillus giganteus against Botrytis cinerea. Phytopathology. Volume 93. 
 
Review on Agriculture and Rural Development 2013. vol. 2. (1) ISSN 2063-4803 223 
 
Number 11. pp. 1344-1353. 
Moreno, AB. Peñas, G. Rufat, M. Bravo, JM. Estopa, M. Messeguer, J. San Segundo, B. 
(2005): Pathogen-induced production of the antifungal AFP protein from Aspergillus 
giganteus confers resistance to the blast fungus Magnaporthe grisea in transgenic rice. 
Molecular Plant-Microbe Interactions. Volume 18. Number 9. pp. 960-972. 
Oldach, KH. Becker, D. Lörz, H. (2001): Heterologous expression of genes mediating 
enhanced fungal resistance in transgenic wheat. Molecular Plant-Microbe Interactions. 
Volume 14. Number 7. pp. 832-838. 
Seibold M, Wolschann P, Bodevin S, Olsen O. (2011): Properties of the bubble protein, a 
defensin and an abundant component of a fungal exudate. Peptides. Volume 32. Number 
10. pp. 1989-1995. 
Skouri-Gargouri, H. Gargouri, A. (2008): First isolation of a novel thermostable antifungal 
peptide secreted by Aspergillus clavatus. Peptides. Volume 29. Number 11. pp. 1871-7. 
Theis, T. Marx, F. Salvenmoser, W. Stahl, U. Meyer, V. (2005): New insights into the 
target site and mode of action of the antifungal protein of Aspergillus giganteus. Research 
in Microbiology. Volume 156. Number 1. pp. 47-56. 
Vila, L. Lacadena, V. Fontanet, P. Martínez del Pozo, A. San Segundo, B. (2001): A 
protein from the mold Aspergillus giganteus is a potent inhibitor of fungal plant pathogens. 
Molecular Plant-Microbe Interactions. Volume 14. Number 11. pp. 1327-1331. 
Wnendt, S. Ulbrich, N. Stahl, U. (1994): Molecular cloning, sequence analysis and 
expression of the gene encoding an antifungal protein from Aspergillus giganteus. Current 
Genetics. Volume 25. Number 6. pp. 519-523. 
